Angiotensin receptor blockers (ARBs) or T-and L-type calcium channel blockers (CCBs) are useful for glomerular protection; however, the protective effects of combination therapy remain unclear. In this study, Dahl salt-sensitive rats were fed a high-salt diet and were treated daily with placebo, irbesartan (60 mg kg À1 ), efonidipine (30 mg kg À1 ), irbesartan (60 mg kg À1 )+efonidipine (30 mg kg À1 ), amlodipine (3 mg kg À1 ), or irbesartan (60 mg kg À1 )+amlodipine (3 mg kg À1 ) for 4 weeks. Significant reductions in systolic blood pressure were seen in the irbesartan-, efonidipine-and amlodipine-treated groups compared with the placebo-treated group; a further significant reduction was seen in the irbesartan+efonidipine-treated group compared with the irbesartan-treated group. Compared with the placebo-treated group, proteinuria was significantly lower in the irbesartan-and efonidipine-treated groups, but not in the amlodipine-treated group. Furthermore, a significant attenuation of proteinuria in the irbesartan+efonidipine-treated group compared with the irbesartan-treated group was observed; this effect was not observed in the irbesartan+amlodipine-treated group. The glomerulosclerosis index was significantly attenuated by all active treatments except amlodipine. The glomerulosclerosis index in the irbesartan+efonidipine-treated group, but not in the irbesartan+amlodipine-treated group, was significantly lower than that in the irbesartan-treated group. Significant attenuations of gene expressions of p22 phox , transforming growth factor-b, monocyte chemoattractant protein-1 and collegen I were observed in the irbesartan-and efonidipine-treated groups, but not in the amlodipine-treated group. Values for these parameters were reduced to control levels in the irbesartan+efonidipine-treated group. Combination therapy with ARB and T-and L-type CCB might produce a powerful renal protective effect. 
INTRODUCTION
Kidneys have an important role not only in the homeostasis of water and electrolyte balance but also in the regulation of blood pressure. Angiotensin II is a crucial peptide for regulating blood pressure by slow and rapid pressor responses. The main functions of slow response are augmentation of sodium reabsorption in the proximal tubules and release of aldosterone from the adrenal cortex, whereas the main functions of rapid response are direct contractile response in peripheral resistance arteries and enhancement of peripheral noradrenergic neurotransmission. Therefore, blockade of angiotensin II is a useful antihypertensive strategy. In addition, angiotensin II directly increases mesangial matrix formation by stimulating transforming growth factor (TGF)-b expression. 1 Inhibition of angiotensin II function induces dilation of efferent arterioles, and this mechanism contributes to amelioration of glomerular hypertension, resulting in a decrease in mesangial matrix formation. 2 Therefore, blockade of angiotensin II is also useful for preventing glomerular injury.
Calcium channel blockers (CCBs), such as angiotensin-converting enzyme inhibitors and angiotensin II receptor blockers (ARBs), have been widely used as antihypertensive agents. CCBs have favorable effects not only on hypertension but also on cardiovascular disease. On the other hand, various CCBs have been shown to have different effects on glomerular injury. 3 There are three types of CCBs: L-type, T-type and N-type. The different functions of these calcium channel subtypes may result in different effects on glomerular injury. In general, L-type CCBs, such as nifedipine and amlodipine, preferentially dilate afferent, but not efferent, arterioles. 4 In contrast, T-and L-type CCBs, such as efonidipine and mibefradil, dilate both afferent and efferent arterioles in vitro and in vivo. 5, 6 For example, although efonidipine was shown to markedly prevent an increase in proteinuria in subtotally nephrectomized spontaneously hypertensive rats, nifedipine did not reduce proteinuria despite leading to a similar reduction in systolic blood pressure (SBP). 7 Dahl salt-sensitive (DS) rats are a paradigm of human salt-sensitive hypertension. In DS rats, components of the renin-angiotensin system, including angiotensinogen and angiotensin II levels and angiotensin II type 1 receptor gene expression in kidneys, are elevated. 8 ARBs attenuate angiotensin II function through angiotensin II type 1 receptors, but they are known to increase renin secretion from juxtaglomerular cells by a feedback mechanism. This feedback mechanism may attenuate the blockade of angiotensin II by ARBs. T-and L-type CCBs attenuate renin secretion and renin gene expression in conscious rats, whereas L-type CCBs do not. 9 In the present study, we evaluated the efficacy of the combination of an ARB (irbesartan) and either a T-and L-type CCB (efonidipine) or an L-type CCB (amlodipine) in DS rats.
METHODS Animals
Six-week-old male DS rats were obtained from Japan SLC (Shizuoka, Japan). A total of 48 DS rats were fed a high-salt diet (8% NaCl) and were orally administered placebo (n¼8), irbesartan (60 mg kg À1 per day) (n¼8), efonidipine (30 mg kg À1 per day) (n¼8), irbesartan (60 mg kg À1 per day)+efonidipine (30 mg kg À1 per day) (n¼8), amlodipine (3 mg kg À1 per day) (n¼8), or irbesartan (60 mg kg À1 per day)+amlodipine (3 mg kg À1 per day) (n¼8) for 4 weeks. As normal controls, DS rats were fed a normal salt diet (0.21% NaCl) (n¼8). Urinary excretion for 24 h was collected in individual metabolic cages, and urinary protein excretion was determined. Urinary 8-hydroxy-2¢-deoxyguanosine (8-OHdG) excretion for 24 h was determined using an 8-OHdG enzyme-linked immunosorbent assay kit (Japan Institute for the Control of Aging, Shizuoka, Japan). SBP was monitored by tail-cuff plethysmography (BP-98, Softron Tokyo, Japan). After 4 weeks, the body weights of the rats were measured. The animals were anesthetized with 35 mg kg À1 of sodium pentobarbital intraperitoneally, and then blood and tissue samples were obtained. The experimental procedures were carried out in accordance with the Guide for the Care and Use of Laboratory Animals (Animal Research Laboratory, Osaka Medical College).
Renin activity, angiotensin II concentration and aldosterone concentration in blood
Plasma renin activity (PRA) was determined using a radioimmunoassay kit (DiaSorin, Stillwater, MN, USA). Serum angiotensin II concentration was measured using an enzyme immunoassay kit (Peninsula Laboratories, San Carlos, CA, USA). Plasma aldosterone concentration was measured using a SPAC-S aldosterone kit (TFB, Tokyo, Japan).
Histological examination
Kidney tissue specimens were fixed with 10% buffered formalin solution. The fixed kidney tissues were embedded in paraffin and then cut to a thickness of 3 mm.
To evaluate glomerulosclerosis scores, sections were stained with periodic acid Schiff. We evaluated a minimum of 100 glomeruli per specimen. The severity of lesions was graded from 0 to 4+ according to the percentage of glomerular involvement: 0, no lesions; 1+, less than 25%; 2+, 26 to 50%; 3+, 51 to 75%; 4+, more than 76%. 11 The injury score was obtained by multiplying the degree of damage (0 to 4+) by the percentage of glomeruli showing the corresponding degree of severity.
Real-time polymerase chain reaction
The total RNA (1 mg) of the renal cortex was transcribed into cDNA with superscript III reverse transcriptase and random hexamers (Invitrogen, Carlsbad, CA, USA). 10 mRNA was measured by real-time polymerase chain reaction on a LightCycler with software (Roche Diagnostics, Tokyo, Japan) using TaqMan fluorogenic probes. For real-time polymerase chain reaction of p22 phox , (TGF)-b, monocyte chemoattractant protein (MCP)-1 and collagen I, all primers and probes were designed by Roche Diagnostics.
Immunohistochemistry
Immunohistochemistry of desmin was performed using a rabbit anti-human desmin antibody (1:70, Dako, Carpinteria, CA, USA). 12,13 Sections were incubated with 3% H 2 O 2 in methanol to inhibit endogenous peroxidase, then incubated with protein-blocking solution (Dako) to block nonspecific antigens. Sections were incubated with an anti-desmin antibody, and later reacted with a labeled streptavidin-biotin peroxidase kit (Dako) and 3-amino-9-ethylcarbazole, which was used for color development. Sections were lightly counterstained with hematoxylin. The glomerular desmin staining was graded from 0 to 4+ according to the percentage of glomerular involvement: 0, no lesions; 1+, less than 25%; 2+, 26 to 50%; 3+, 51 to 75%; 4+, more than 76%. 13 The immunostain-positive area was quantified with an image analysis system (model VM-30, Olympus Optical, Tokyo, Japan).
To detect p22 phox -and MCP-1-positive cells, we used a goat anti-human p22 phox antibody (1:50, Santa Cruz Biotechnology, Santa Cruz, USA) and a goat anti-rat MCP-1 antibody (1:200, Santa Cruz Biotechnology), respectively. 10 Sections were incubated with an anti-p22 phox antibody, then reacted with a labeled streptavidin-biotin peroxidase kit (Dako) and 3,3-diaminobenzidine. Sections were incubated with an anti-MCP-1 antibody, and later reacted with a labeled streptavidin-biotin peroxidase kit (Dako) and 3-amino-9-ethylcarbazol.
Statistical analysis
Data are expressed as mean ± s.e.m. Statistical analyses were performed using a parametric test with Fisher's protected least significant difference. Differences were considered significantly when the P value was o0.05.
RESULTS

Body weight and kidney weight
Body weight, kidney weight and the ratio of kidney weight to body weight 4 weeks after high salt loading are shown in Table 1 . Body weight was significantly lighter in the placebo-treated group than in the control group, but there were no significant differences among the active treatment groups. Kidney weight was significantly heavier in the placebo-treated group than in the control group. Kidney weight was significantly lighter only in the irbesartan+efonidipine-treated group compared with that in the placebo-treated group. The ratio of kidney weight to body weight was significantly higher in the placebo-treated group than in the control group, but the ratio was also significantly reduced only in the irbesartan+efonidipine-treated group compared with the placebo-treated group.
Blood pressure, urinary protein excretion and urinary 8-OHdG excretion SBP was significantly higher in the placebo-treated group than in the control group at 2 and 4 weeks after high salt loading ( Figure 1a) . SBP was significantly lower in the irbesartan-, efonidipine-and amlodipine-treated groups than in the placebo-treated group at Combination therapy with irbesartan and efonidipine S Takai et al 2 and 4 weeks after high salt loading ( Figure 1a ), but there was no significant difference among these three active treatment groups at 2 and 4 weeks. Similar SBP values were observed in the irbesartan+efonidipine-treated group and the irbesartan+amlodipine-treated group at 2 weeks after high salt loading, and the SBP in both these groups was significantly lower than that in the irbesartan-treated group (Figure 1a ; Po0.05, irbesartan vs. irbesartan+efonidipine; Po0.01, irbesartan vs. irbesartan+amlodipine). The significant decrease in SBP in the irbesartan+efonidipine-treated group compared with that in the irbesartan-treated group continued at 4 weeks after high salt loading, but the significant difference between the irbesartan-and irbesartan+amlodipine-treated groups disappeared at 4 weeks ( Figure 1a ). Urinary protein excretion was significantly higher in the placebotreated group than in the control group at 2 and 4 weeks after high salt loading ( Figure 1b) . In both the irbesartan-and efonidipine-treated groups, urinary protein excretion was significantly lower than that in the placebo-treated group, but not in the amlodipine-treated group at 4 weeks (Figure 1b) . At 2 and 4 weeks after high salt loading, urinary protein excretion was significantly lower in the irbesartan+efonidipine-treated group than in the irbesartan-treated group, but there were no significant differences between the irbesartan-and irbesartan+amlodipine-treated groups (Figure 1b) . Urinary 8-OHdG excretion was significantly higher in the placebotreated group than in the control group at 4 weeks after high salt loading (Figure 1c ). Significant reductions in urinary 8-OHdG excretion in the irbesartan-and efonidipine-treated groups were observed, compared with the placebo-treated group (Figure 1c ). In the irbesartan+efonidipine-and irbesartan+amlodipine-treated groups, urinary 8-OHdG excretion was also significantly lower than that in the placebo-treated group (Figure 1c) . Furthermore, urinary 8-OHdG excretion was lower in the irbesartan+efonidipine-treated group than in the irbesartan-treated group (Figure 1c) .
PRA, serum angiotensin II concentration and plasma aldosterone concentration Table 2 shows PRA, serum angiotensin II concentrations and plasmaaldosterone concentrations in all groups at 4 weeks after high salt loading. Both PRA and serum angiotensin II concentrations were significantly lower in the placebo-treated group than in the control group. Although PRA tended to be higher in the irbesartan-treated group than in the placebo-treated group, results did not reach statistical significance (P¼0.054). Serum angiotensin II concentrations were significantly higher in the irbesartan-treated group than in the placebo-treated group. In the amlodipine-and irbesartan+amlodipine-treated groups, neither PRA nor serum angiotensin II concentrations were significantly different from those in the placebo-treated group. On the other hand, both PRA and serum angiotensin II concentrations were significantly lower in the efonidipine-and irbesartan+efonidipine-treated groups than in the placebotreated group. Plasma aldosterone concentrations were also significantly lower in the efonidipine-and irbesartan+efonidipine-treated groups than in the placebo-treated group, but no significant differences were seen among the other treatment groups. Figure 2a shows typical photographs of glomerular sections with periodic acid Schiff staining. The glomerulosclerosis score was significantly higher in the placebo-treated group than in the control group 4 weeks after high salt loading (Figure 2b ). The glomerulosclerosis Combination therapy with irbesartan and efonidipine S Takai et al score was significantly lower in the irbesartan-and efonidipine-treated groups than in the placebo-treated group, but no significant differences in glomerulosclerosis scores were seen between the amlodipineand placebo-treated groups (Figure 2b ). On the other hand, the glomerulosclerosis score was significantly lower in the irbesartan+amlodipine-treated group than in the placebo-treated group (Figure 2b ). Further significant decreases in the glomerulosclerosis score were observed in the irbesartan+amlodipine-treated group compared with that in the irbesartan-treated group, but there were no significant differences between the irbesartan-and irbesartan+ amlodipine-treated groups (Figure 2b ).
Glomerulosclerosis score
Desmin staining score
To evaluate the presence of podocyte injury, we performed immunohistochemistry of desmin. Typical photographs of immunostaining for desmin in control, placebo-and irbesartan-, irbesartan+efonidipine-and irbesartan+amlodipine-treated groups are shown in Figure 3a .
The desmin staining score was significantly higher in the placebotreated group than in the control group (Figure 3b ). In the irbesartanand efonidipine-treated groups, but not in the amlodipine-treated group, the desmin staining score was significantly lower than that in the placebo-treated group (Figure 3b) . In both the irbesartan+efonidipine-and irbesartan+amlodipine-treated groups, scores were also significantly lower than in the placebo-treated group (Figure 3b) . Moreover, the score was significantly lower in the irbesartan+efonidipine-treated group than in the irbesartan-treated group (Figure 3b ).
Localizations of p22 phox and MCP-1, and gene expressions
The p22 phox -positive cells were detected in the glomeruli of the placebo-treated rat, but these positive cells were hardly detected in control and irbesartan+efonidipine-treated rats (Figure 4a ). On the other hand, MCP-1-positive cells were mainly detected in the tubules in the placebo-treated rat. However, MCP-1-positive cells were slightly detected in control and irbesartan+efonidipine-treated rats ( Figure 4b ). All gene expressions of p22 phox , MCP-1, TGF-b and collagen I in the renal cortex were significantly higher in the placebo-treated group than in the control group (Figure 4 ). These expressions were significantly lower in the irbesartan-, efonidipine-, irbesartan+efonidipine-and irbesartan+amlodipine-treated groups than in the placebo-treated group (Figure 4) . On the other hand, these expressions were not significantly different between the placebo-and amlodipine-treated groups (Figure 4 ). In the irbesartan+efonidipine-treated group, but not in the irbesartan+amlodipine-treated group, these expressions were significantly lower than in the irbesartantreated group (Figure 4) .
DISCUSSION
Angiotensin II is a potent constrictor of efferent arterioles, and blockade of angiotensin II is useful for the prevention of glomerular injury. 14 In the present study of DS rats, SBP was significantly lower in the irbesartan-, efonidipine-and amlodipine-treated groups than in the placebo-treated group at 2 and 4 weeks after high salt loading. Although there were no significant differences among these three groups, the hypotensive effect of irbesartan tended to be weaker than that of efonidipine and amlodipine. On the other hand, both glomerulosclerosis and proteinuria were equally reduced by irbesartan and efonidipine, but not by amlodipine. Angiotensin II levels, as well as angiotensin II type 1 receptor gene expression in the kidney, have been reported to be elevated in the high salt-loaded DS rats used in this study. 8 A previous report showed that candesartan cilexetil Combination therapy with irbesartan and efonidipine S Takai et al significantly attenuated glomerulosclerosis and proteinuria along with hypotension in high salt-loaded DS rats. 15 In this study, we also observed a significant attenuation of glomerulosclerosis and proteinuria along with hypotension by irbesartan in DS rats at 2 and 4 weeks after high salt loading. Podocytes are localized in the outer aspect of the basement membrane, and injury of these cells is known to be associated with proteinuria. 16 Cultured podocytes exposed to mechanical stress enhance angiotensin II type 1 receptor gene expression, which results in podocyte injury. 17 In the present study, the desmin staining score, which shows the degree of damaged podocytes, was significantly reduced by irbesartan. These previous observations, along with the findings of our study, show that blockade of angiotensin II is useful for attenuation of glomerulosclerosis and proteinuria in DS rats after high salt loading. On the other hand, the effect of ARBs might weaken over time. Because angiotensin II is associated with a negative feedback regulation of renin excretion, and ARBs increase PRA, ARBs lead to an attenuated blockade of angiotensin II function. 18 Previously, a T-and L-type CCB, mibefradil, has been shown to suppress renin mRNA levels and PRA in normal rats, but an L-type CCB amlodipine did not have this effect. 9 In two-kidney, one-clip renal hypertensive rats, a model that is known to show increased PRA levels, mibefradil, significantly reduced PRA; in contrast, amlodipine increased these levels. 9 In high salt-loaded DS rats, PRA is known to be suppressed, 18 and it was also significantly lowered in the placebo-treated group in our study. However, PRA tended to be higher in the irbesartan-treated group than in the placebo-treated group, although the difference was not significant (P¼0.054). On the other hand, a T-and L-type CCB, efonidipine, significantly reduced PRA compared with placebo in high salt-loaded DS rats. Moreover, we observed for the first time that combination treatment with efonidipine and irbesartan significantly reduced PRA compared with monotherapy with irbesartan. However, PRA was not significantly different between amlodipine and placebo, and no significant differences between irbesartan+amlodipine-and irbesartan-treated groups were observed. We also observed that the significant increase in serum angiotensin II concentration by monotherapy with irbesartan was significantly reduced by combination treatment with efonidipine and irbesartan. Therefore, a T-type CCB may be useful to compensate for the weak point of ARBs, which upregulate not only PRA but also serum angiotensin II concentration.
In this study, plasma aldosterone concentration was significantly lowered in DS rats at 4 weeks after high salt loading. High salt loading is known to attenuate renin secretion, angiotensin II concentration and aldosterone concentration in plasma. The plasma aldosterone concentrations in both the efonidipine-and irbesartan+efonidipine-treated groups were significantly lower than that in the placebo-treated Combination therapy with irbesartan and efonidipine S Takai et al group. These findings may be dependent on the reduction of angiotensin II induced by efonidipine. On the other hand, efonidipine may directly reduce aldosterone secretion from the adrenal cortex. Both angiotensin II-and KCl-induced aldosterone secretion levels from human adenocarcinoma cells have been shown to be significantly attenuated by efonidipine, but not by nifedipine. 19 In patients with hypertension, efonidipine significantly reduced plasma aldosterone concentrations, whereas amlodipine did not. 20, 21 In patients with chronic glomerulonephritis or with hypertension and nephropathy, not only proteinuria but also plasma aldosterone concentrations were significantly lower in those receiving efonidipine compared with those receiving amlodipine. 22, 23 In a rat model of renal ablation, attenuation of aldosterone function reduced podocyte injury. 24 In high salt-loaded DS rats, although hydralazine and eplerenone equally reduced SBP in high salt-loaded DS rats, eplerenone, but not hydralazine, significantly reduced glomerulosclerosis, proteinuria and desmin staining score, an index of podocyte injury. 13 Eplerenone also reduced p22 phox , MCP-1 and TGF-b gene expressions, but hydralazine did not. 13 Although plasma aldosterone concentration might be lowered under high salt loading, the importance of eplerenone showing renal protection may suggest the dissociation between the plasma aldosterone concentration and renal lesion in high salt-loaded DS rats. In contrast, chronic infusion of aldosterone with high salt loading augmented glomerulosclerosis, proteinuria and desmin expression in uninephrectomized rats. 25 However, it is unclear which is more important for the renal protection between plasma aldosterone concentration and renal lesion, and further studies are needed. In this study, we observed that efonidipine significantly reduced glomerulosclerosis, proteinuria and the desmin staining score, but amlodipine did not. Moreover, efonidipine, similar to eplerenone, significantly reduced p22 phox , MCP-1, TGF-b and collagen I gene expressions. MCP-1 stimulates collagen synthesis by upregulation of TGF-b expression. 26 N-acetyl-cysteine, a reactive oxygen species scavenger, significantly reduced MCP-1 expressions and showed a significant attenuation of glomerulosclerosis and proteinuria. 27 Therefore, the mechanism by which efonidipine attenuates glomerulosclerosis and proteinuria might be partially explained by its ability to reduce aldosterone-induced functions.
SBP was almost the same between the efonidipine and amlodipine groups at 2 and 4 weeks in this study. Significant attenuation of glomerulosclerosis and proteinuria was seen in the efonidipine-treated group compared with the placebo-treated group; these attenuations were not seen in the amlodipine-treated group. Such differences between efonidipine and amlodipine regarding attenuation of glomerulosclerosis and proteinuria might be based on the different effects of these agents on afferent and efferent arterioles. Efonidipine is known to dilate both afferent and efferent arterioles, but amlodipine predominantly dilates only afferent arterioles. [4] [5] [6] The reason for the different function between these CCBs may be the different distribution. a 1C L-type calcium channel subunits mainly exist in afferent arterioles, and a 1H T-type calcium channel subunits exist in both afferent and efferent arterioles. 28 Previously, amlodipine resulted in a greater increase in the glomerular filtration rate than in renal plasma flow under angiotensin II-induced vasoconstriction in rats; in contrast, efonidipine potently increased renal plasma flow more than the glomerular filtration rate. 29, 30 Other T-and L-type CCBs have also been reported to dilate both afferent and efferent arterioles in rat models. 31, 32 In this study, efonidipine, but not amlodipine, significantly reduced multiple components of the renin-angiotensin-aldosterone system. For example, both angiotensin II and aldosterone are potent constrictors of efferent arterioles, and these contractions are attenuated by T-type CCBs, but not L-type CCBs. 33, 34 Therefore, not only direct dilation of efferent arterioles but also indirect dilation by reduction of angiotensin II and aldosterone might be important for the attenuation of glomerulosclerosis and proteinuria by T-type CCBs.
We also evaluated two combination therapies with different types of CCBs: irbesartan+efonidipine and irbesartan+amlodipine. Significant SBP-lowering effects of irbesartan+efonidipine and irbesartan+amlodipine, compared with irbesartan alone, were observed at 2 weeks after high salt loading, with no significant differences between the two combination groups. However, the significant SBP-lowering effect continued to be observed in the irbesartan+efonidipine-treated group after 4 weeks of high salt loading, but disappeared in the irbesartan+amlodipine-treated group. An NADPH oxidase subunit p22 phox gene expression was significantly attenuated by combination therapy with irbesartan and efonidipine compared with irbesartan monotherapy at 4 weeks, whereas there was no significant difference between combination therapy with irbesartan and amlodipine and irbesartan monotherapy. In high salt-loaded DS rats, a superoxide dismutase mimetic, tempol, was shown to significantly reduce p22 phox gene expression in glomeruli, proteinuria and SBP. 35 In the same rat model, an NADPH inhibitor, apocynin, also showed significant attenuation of proteinuria, as well as a significant reduction of SBP. 36 In this study, the significant reduction of p22 phox by combination therapy with irbesartan and efonidipine compared with irbesartan monotherapy may have contributed to the significant hypotensive effects seen with combination therapy compared with irbesartan alone.
In cultured proximal tubular cells and ischemia-reperfusioninduced tubular damage, an L-type CCB, azelnidipine, attenuated mitochondrial injury, and ATP depletion-induced apoptosis in hypoxic renal tubular cells. 37 In a recent paper, amlodipine improved oxygen conditions, restored the loss of peritubular capillaries and prevented tubulointerstitial fibrosis in the kidney of DS rats with high salt loading for 10 weeks. 38 However, we did not observe any tubulointerstitial fibrosis in the kidneys of high salt-loaded DS rats at 4 weeks. The usefulness of combination therapy with irbesartan and amlodipine for protection of tubules and the interstitium should be evaluated in further studies.
In conclusion, both irbesartan and efonidipine were useful for attenuating glomerulosclerosis and proteinuria. The combination of irbesartan and efonidipine was more effective at attenuating glomerulosclerosis and proteinuria than was monotherapy with irbesartan. The attenuating effect of efonidipine on the reninangiotensin-aldosterone system may have an important role in the beneficial effect of combination therapy.
